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REMARKS 

Claims 11-15 and 17 are canceled herein. Claim 16 is amended and new claims 19-21 
are added. Support is found, for example, in the original claims. 

I. Petition for Withdrawal of the Finality of the Office Action dated November 8, 2007 

Applicants note that a Petition to Withdraw Finality of the Action dated November 8, 
2008 was previously timely submitted on January 8, 20008, but a decision has not yet been 
mailed. Applicants respectfully request withdrawal of the finality of the Office Action dated 
November 8, 2007 for the reasons set forth in the Petition filed on January 8, 2008, which is 
incorporated in its entirety herein by reference. 

II. Response to Claim Rejections under 35 U.S.C. § 102 

A. Kammer 

On page 2 of the Office Action, the Examiner has indicated that claims 1 1 and 13-17 
remain rejected under 35 U.S.C. § 102(b) as being anticipated by Kammer (PTO-1449, 6/24/05). 

Claims 11, 13-15 and 17 are canceled herein, thereby rendering the rejection as to these 
claims moot. 

Claim 16 is amended herein by deleting the recitation of arthreostitis and rheumatoid 
arthritis, thereby rendering the rejection as to claim 16 moot. 

Accordingly, Applicants respectfully request withdrawal of the §102 anticipation 
rejection. 

B. Watkins 

On page 4 of the Office Action, the Examiner has rejected claims 1 1 and 13-18 under 35 
U.S.C. § 102(b) as being anticipated by Watkins (WO 02/30879 A2). 
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Claims 11, 13-15 and 17 are canceled herein, thereby rendering the rejection as to these 
claims moot. 

Claim 16 is amended herein by deleting the recitation of arthreostitis and rheumatic 

arthritis, thereby rendering the rejection as to claim 16 moot. 

Applicants provide the following with respect to claim 1 8 and new claims 19-21 . 

On pages 110-111, Watkins discloses: 

The compounds of the present invention may also be used in the 
treatment of conditions which are known to be mediated by 
HDAC, or which are known to be treated by HDAC inhibitors 
(such as, e.g., trichostatin A). Examples of such conditions include, 
but are not limited to the following: 
Cancer (see, e.g., Vigushin et al., 2001). 
Inflammatory disease (e.g., osteoarthritis, rheumatoid arthritis) 
(see, e.g., Dangond et al., 1998; Takahashi et al., 1996). 

Thus, whilethe Watkins reference may describe an activity to inhibit the HDAC activity 
(Primary Assay) and an activity to inhibit cell proliferation (Secondary Assay), Watkins does not 
have Examples or an explanation other than the disclosure above as to whether the HDAC 
inhibitors can be used for inflammatory disease and osteoarthritis. 

In this regard, the references cited by the Watkins reference have the following 
disclosure (copies of the cited references are attached). 

(1) Dangond et al., "Differential display cloning of HDAC3 cDNA from PHA-activated 
immune cells", 1998, Biochem. Biophys. Res. Commun., Vol 242, No. 3, ppp. 648-652 
(Attachment 1). 

This reference reports the distribution of mRNA expressions of HDAC as well as 
influences on the various types of immune factors. At the right column on page 65 1 , it is 
described, "The strong evolutionary conservation of HDACs suggests they play a fundamental 
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role in multiple and complex cellular pathways of immune system regulation, including cell 
activation, growth and differentiation, and thus represent potential molecular targets for the 
treatment of cancer and autoimmunity." However, this reference does not disclose whether it 
can be used for inflammatory disease and osteoarthritis. 

(2) Takahashi et al., "Selective Inhibition of IL-2 Gene Expression by Trichostatin A, a 
Potent Inhibitor of Mammalian Histone Deacetylase" 1996, J. Antibiot. (Tokyo), Vol. 49, No.5, 
pp. 453-457) (Attachment 2). 

This reference discloses that Trichostatin A, which is an HDAC inhibitor, inhibits the IL-2 
gene expression and has an immunosuppressive activity and an antiproliferative activity. The in 
vivo mouse delayed type hypersensitivity (DTH) experiment confirms the immunosuppressive 
activity. However, this reference has no disclosure about the use of the compound for 
inflammatory disease and osteoarthritis. 

Accordingly, Watkins and the references cited in Watkins do not concretely disclose that 
the HDAC inhibitors can be used for the treatment of inflammatory disease and osteoarthritis, so 
that there is no teaching or suggestion in these references that would lead one of ordinary skill in 
the art to the presently claimed invention. In addition, these references are not enabling for the 
treatment of inflammatory disease and osteoarthritis. 

Accordingly, the rejections of the amended claim 16 and the claim 18 based on Watkins 
under 35 U.S.C. § 102(b) should be withdrawn. Also, new claims 19-21 depend from claim 18 
and are patentable for at least the same reasons as claim 1 8. 

Accordingly, Applicants respectfully request withdrawal of the §102 anticipation 
rejection. 
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III. Conclusion 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 




WASHINGTON DC SUGHRUE/265550 



65565 



CUSTOMER NUMBER 



Date: January 3 1 , 2008 
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53 248.648-652 (1998) 



Differential Display Cloning of a Novel Human Histone 
Deacetylase (HDAC3) cDNA from PHA- Activated 
Immune Ceils 1 

Fernando Dangond,*- 2 David A. Hafler * Jeffrey K. Tong,t Jeffrey Randall,* . 
Ityqji Kqpma,t Nal^n Utkti.J. and Steven R. Gullanst • ■ 

"Department of Neurology and tDepartment of Medicine, Brighton and Woman's Hospital Harvard Medical School, 
75 Francis Street, Boston, Massachusetts 021 15; and 1 Department of Chemistry and Chemical Biology, . 
Harvard University, 12 Oxford Street. Cambridge. Massachusetts 02138 



23, 1997 



Tlie nuclKOsomal histones can. be modified through 
reversible acetylatioii by historic sujetyltrnnsfcrasea 
(HATs) and deacctylases (HDACs). HATs induce 
nuclco samai relaxation and allow DMA-binding by 
transcriptional activators. HDACs form corepressor 
complexes which negatively ' regulate cell growth. 
However, the HDAC inhibitors butyrate. and Tricho- 
n A block T cell 



all effects of HDACs lead to repression. Using mRNA 
differential display and S'RACE we Isolated human 
HDAC3, a.novel gene that Is upregulated In PHA-actl- 
vated X cell clones- HO ACS la homologous to. other hu- 
man HDACs- and yeast RPDS. in peripheral blood 
. mononuclear cells (PBMCs). activation by PHA, PMA 
and «-CP3 Increased HDAC mRNA but no effect was 
seen with XEN-y. LPS, or IL-4. In contrast, GMCSF dow- 
d PBMC levels of HDAC3 mRNA. AM HDACs 
0 be ubiquitously expressed in Immune 
and non-bnniune tissues'/In human myeloid leukemia 



. i.Functk>nalactivityoftheexpressi5d 
HDAC3 prtoefa was confirmed in b>HDAC3 antibody 
immunbprecipltates by a histone deacetylase assay. 
Our study suggests the participation of HDACs in cell 
cycle progression and activation. oin'sAoukmieFnuw 



• riucleosomes that play key regulatory functions, as 
' their N-terminal , domains are post-tcanslationally 



modifiable through reversible aceiylation of their ly- 
sine residues [I. 2]. The dynamic equilibrium of lysine 
acetylatioh depends on two groups of enzymesihlstone. 
acetyltransferases (HATs) anil histone deacetylases 
(HDACs). Hyperacetylated histones deconde'rise chro- 
matin and make the DNA accessible to transcriptional 
activation complexes [3. 4). Deacetylatiwi of histones 
counteracts this effect by limiting accessibility of acti- 
vation factors 15, 6] and allowing the binding of known 
, transcriptional repressor complexes to DNA, of which 
HDACs themselves are part (7, 8]. 

Recent work, identified two human HDACs 19. 10] •, 
that form molecular repressor complexes by associating 
with molecules such as Mad Illj; mSIn3 [12, "133. YY1 
[10J and the nuclear receptor compressor N-CoR [8J. In 
addition, studies with HDAC inhibitors such as buty- 
rate and trichostatha A (ISA) substantiated the central 
role of histone acetylatlon in gene transcription and 
differentiation [14-17]. Furthermore, these inhibitors;, 
induce specific ceil cycle arrest at Gl and G2 phases 
[17], highlighting the complex regulatory role played 
by HDACs. 

• In the present study we used mRNA differential dis- 
play of PHA-sttouilated T cell clones and S'RACE to 
isolate HDAC3, a novel HDAC gene whose expression 
in immune cells appears to be regulated during activa- 
tion. Moreover, HDAC3 oveirexpressiort disturbs cell cy- 
cle progression in human cells. 

MATERIALS AND METHODS' 

isolation of T cell dorm. Myelto basic protein ft 



terized [18-Z0J. CD4 + Tccll ctan«s 0blA12.8, OD3D1.7, HyGllis and 
, A 192 are £)R2 rertricwd and reqpgnise epitope 'MBP SM »; the HTLV- 
I-reacttVE CDS'*- T «fll done.KS.2E11.7 Is A2 n ■ 
against epitope Taxt'^g. [21). 
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trifugatlon. Cells were cultured la KPMI supplemented with 10% 
htenan AB serum, 10% IL-E-contztnlrig T-Stlm (Collaborative Bio- 
medical Products), Z mM L-gtatamtae, 10. raM Hepca, and 100 U/ 
100 /igMnupenlcflMn/streptonvdn in Petri dlshesatl X WceBa' 
ml, to assess die rosponso of HDACs to growth and differentiation 
Inducers, PBMCs were stimulated for 48 hours with rIL-4 (Bo«h ; 
ringer Mannheim) arlO ng/ml, rIFN-y iGlbco BRL) at 10 natal, or 
rGMCSF (Promeca) at 5 ng/ml. To 3»ew the response to polyclonal 
activators, we used PMA (Sigma) at 10 ng/ml, PHA (Murex Plasma- 
tics, Dartfbrd. TJK) {1 mbM. or «*-CD3 (OKT3) Aba (Ortho Biotech, 
Inc., Rariten, NJ.)'at 1 ng/ral. Petri (Bshcs had been coated with a- 
CD3 (1 na/rri) the night prior and washed twice With PBS. before 
adding the ecus, LPS (SSigfltti) was used at 10 jig/ml as a control for 
riFN-y-taduced activation. Cells were recovered after 48.hours by 
mradiankaldis'ladglng and viability (>88%) was assessed by trypan 
blue exclusion. Human myeloid leukemia THP-1 calls were grown in 
RPMX media supplemented with -10% PCS, 10 mM Hepes, 2roM L- 
glutamlna, and 100 U/100 fig per ml penlcllltn/streptomydn. 

RNA isolation end Northern analysis. . Total RNA was Isolated 
from T call clones and PBMCs using the KNAzol B method (Tel-Test, 
tic). Northern Wots with 20 /ig'of total RNA per lano were prepared 
and probed as described 1223, The blots Were washed twice at rooni 
temparatura (2Si SSC, 0.1% SDS. 20 mln). once at 60*0 (0.2X SSC, 
0,1% SPS, 20 rata), and antoradlographad. An L3 ribosamal cDNA 
probe was used to verify equivalent loading. Blots containing 
pory(A)* RNA (2 pg) were purchased (Oontech) artdprobed for tissue 
distribution studies. Hybridizations with either the 343 bp cDNA 
fragmont-or the R98879 EST Insert yielded Identical results. The 
HDACl cDNA probe -was kindly' provided to us by Stuart Schrelber 
and Christian Heaslg CHarVard University), From Genome Systems 
(St. Louis, MO)' we obtained the cDNA for HDAC2 (EST F0B693) to 
use as * probe. We used a. human. p!53 cDNA probe obtained by PCR 
as n positive control for rIFN-y-lnduced activation 123J. 

Isolation ofHDAC3, mRNA differential display was performed 
as> described [22] Wing the prlmera S'^JATGCCACCATGG-3 ' and 5'- 
AATAAACCCCATT-3 '. Th* dlfferwrJally expressad cDNA fragment 
was excised and dutcd from the- gel, rewnpUHed, cloned inm * TA 
vector (tovltrogen) and sequenced. An Identical cDNA (EST R98879) 
was Identified by a dbEST database search and obtained from Ge- 
nuine Systems. The mfcslng 5' end of the cDNA was obtained by 
performing 5'RACE (Cibco, BRL) and the full-langth cDNA was con- 
structed using an overlapping PstI restriction site and ligation Into 
the pCDNAilZed vector pJWitrqgen). Sequencing was performed 
at' the Howard Hughes Blopolymers Research Faculty at Harvard 
Medlj^l School.. 

HOAC3 tranifectkm: The pCDNA3.lZeo and tho p CDNA3.1Zw- 
HDAC3 constructs wans transacted Into THP-1 cells by electropora- 
tlon with a Blorad electroporattr (300 V and l.vQa'microFarads). 
Stable trensfecanu were selected with Zooctri-oontalning media. 
Changes In morphology were observed with a Nikon phase contrast 
microscope. * 
CC analysis and Bow cytometry. Cells were fixed in 70% ethanol 

and Propidlum Iodida (PI) was addud following the protocol described 

by Nlcolettt. [241. with minor modifications, Analysis of cellular DNA 
content was performed In a Beckton Dlcklnsort FACS sorter. .' 
Htstom daacetylase activity assay. For the HDAC activity assay, 

THP-1 cells were grown 1 -" J — 

sdPBMC 
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culture media, and PBMCs were collected 2 di 



aafterPHAstiraula- 



again at 1000 X g for S minutes. The cells were then lysed to 400 )d 
lysis buffer (50 rnM Trls pH 8X1, 150 mMLNaCL 0.1% Triton X-100, 
10% glycerol, 1 ftgtal Iwpoptta, 1 /*g/ml apro,cinln. 0.Z rM FMSF) 
for 30 nun. at 4 "C with gentle Inversion. Lysatcs ware contrifuged 
at 14.000 X g for 2 rnlrvto pellet Insolubles. The supernatants were 
collected and aliquoted to 2 tubes each. Rabbit a-KDAC3 antlsera 
(30 id, kindly provided by Christian Hassig and Stuart Schrribar, 



Harvard University) Was added to each tube followed by 1 hr incuba- 
tion on ice. Protein A agarose (40 ul) {Clbco, BRL) was added to each 
tube and tubes were rotated at 4 *C for 3 hr. Beads were then washed 
3X with 500 fi3 lysis buffer. Beads wara then rasuspended In 200 fd 
histane deacetylase buffer (50 mM TriS pH 7, ISO mM NaCl, 10% 
glycerol, 1 mM EDTA). This suspension was then spUt to 2 tubes of 
100 pL each, Trichostetin A (Wako Pure Chemicals) was added to 
200 nM final concentration, followed by incubation on ice for IS min- 
utes. *H acotyjatod htstonc substrate was then added to all tubes 
and reactions proceeded at 37 *C vyith vigorous shakJog for 3 hr. 
Reactions were tarmlnated by the addition 1 of SO fd 0.1 M HCL, 0.16 
M AcOH followed by 800 wl ethyl acetate; Tubes ware vortaxad and 
spun Jn a microcentrifuge to separate aqueous layers. The organic 
phase (400 m1) was added to 3 ml scihtlflacionfluid G3uFontEcoScirtt) 
and counted Jn a scintillation' counter (Eacknian). 

RESULTS AND DISCUSSION ■ 

Using mRNA differentiai display we identified .a 
cDNA present in four chronically PHA-activated T cell 
clones (OblA12.S. Hy3D1.7. HyGll, and KS.2E11.7) 
but not present in a freshly isolated T cell done (A.192) 
that had undergone' fewer rounds of PHA 811101113,11041. 
this '343 bp cDNA fojgraent was -cloned, sequenced, 
and compared to the NCBI-CenBank database using 
BLASTX the deduced amino add sequence was found 
to have significant homology to' the amino terminus of 
the two known human HDAC cDNAs and the mouse 
HDACl and yeast 3RPD3 cDNAs suggesting it encoded 
a new family member. Comparison to the Expressed 
Sequence Tag (EST) database revealed several, identi- 
cal overlapping human cDNAs. From Genome Systems 
Inc. (St. Louis, MO) we : obtained a 1.8 kb human EST 
cDNA done (#R9&879) whose 5' end overlapped with 
our done. We performed S'RACE on mRNA fifom.PHA- 
stimulated PBMCs and obtained the remaining sev ' 
quence and an additional 75 nt of the 5 r UTR Such .that • 
tiie full-length -HDAC3 cDNA is 1984 bp long with ah 
ORFofl284nt. 

. The deduced 428 amino acid sequence of HDAC3 (Fig 
1 A) predicts a molecular mass of 48,750 Da. It is .50- 
53% identicai to the human HDACl 19), HDAC2 [10], . 
and the RPD3 gone from yeast [25]. The, homology tree 
analysis Of the protein sequences (Fig. IB) revealed 
that human HDAC3 is more similar to yeast RPD3 
than other human HDACs or, the other murine, frog, 
arid Drosophila homologs. the sequence homology 
among HDACs spans most of the molecule but the car- ■ 
boxyl-termlnus .is non-conserved* highly .charged and 
enriched in glutaxnate and aspartate residues, Hydro- 
.pbobidry analysis using the Kyte-Doolittie algorithm 
confirmed the stcuctural similarity among the human 
and yeast HDACs. (Fig. 1C). 

To identify tissues that express HDACs, we probed 
northern blots of immune and non-immune tissues. All , 
HDACs were ubiquitously.expressed .(Fig. 2) but the 
levels in non-immune tissues was less uniform, with 
the highest relative levels of HDAC3 .in heart Thus, 
the'HDACs have tissue-specific expression profiles, but 
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//Mm* 



HDAC expression, A. There Is ubiquitous 
in the. immune system. B. Analysis af multiple grgan i 
less uniform HDAC 



the precise functional significance of this finding re- . 



' |^ ' ^^V s3 .■ ■ 

FIC.L A. Ths deduced amino acid acquemde of HDAC3 Is aligned 
■with other human HDAC sequence*. Identical residues are indicated 
by bold letters. Underlined are those residues that are also conserved 
'with KPD3 proteins of yeast and frog. Boxed residues arc putative 
tyrosine kinase phosphorylation sites, one of which (Y232) is con- 
served among »1I members of tha family in, e'ukarydtBS. B. Phyloge- 
netlc tree of the HDAC/RPD3 famuy of proteins based cm the un- 
weighted pair group method with arithmetic mean algorithm, Se- 
quences are from:. frog,RPD3 GX78454), human HDACt (US6914), 
human HDAC2 (UB6914), Drosophila (Y09258) and yeast RPD3 
(Z71606). The lengths' of the horizontal Unas are proportional xa tha 



ondyaastHDACs. 



To assess Whether HDAC mRNA levels increased 
upon immune cell activation, freshly-isolated PBMCs- 
were exposed to a variety of stimuli for 48 hours. Ex- 
pression of all three HDACs was increased byPMA and 
PHA (Fig. 3 A), which induce proliferation and increase 
expression of p53 [26-28], and by a-CD3. As shown in 
Fig. 3B, H>-4 and.LPS failed to elicit large changes in ' 
expression of HDACs and had no effect on p53 expres- . 
sign. IFN-7 did not increase HDAC expression though 
. p53 mRNA level was enhanced. These observations ex- 
tend the recent demonstration that murine HDAC1 ex- 
pression is Increased by IL-Z in the B6,i cytolytic 
mouse cell line and this correlates with enhanced pro- : 
liberation [29]. Surprisingly, GMCSF caused a large 
reduction in HDAC3 expression, suggesting that sup- 
pression of HDAC activity may be involvedjba GMCSF- 
induced diiferenriation [SO].' 

To evaluate histone deacetylase activity of HDAC3, 
«i-HDAC3 antibodies were used to' immunopredpitate 
HDAC3 from actively growing human THP-1 and FHA- 
stimulated immune. cells. As shown in Figure ,4. immu- 
noprecipitated HDAC3 protein exhibited TSA inhibit- 
aMe nistone deacetylase activity, Furthermore, overex- 
pression of HDAC3 in ttarisfecterj THP-1 cells led to an 
■accumulation in G2M phase- (Fig. 5), with a significant 
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. FIG. 5. FACS analysis pf DNA content reveals cell cycle abnor- 
mallties Induced by HDAC3 overexpresslon. Stanly-transfected THP- 
1 cell lines exhibit decreased accumulation In the GQ/Gl phase, no 
increase In the relative percentage of cells In the early S phase, and 
a distfnctac cumulation of cells in the G2/M phase (three independent 




VUG. 3. Northern anelysds of peripheral: 
(PBMCs) shows that HDAC mRNA IS modified by polyclonal activa- 
tors arid GMCSF. A. PBMps were cultured with, or without PMA , 
PHA. or of-CD3. B. HDAC3 expression is downregulnted by GMCSF 
ac 48 hoars but not significantly altered by y-IFN. JhA or IPS. Not 
slmWrt, the downrafialatton by GMCSF was'seon. at oarfior tirw 
points (6 end 24 hours] for HADC1 and 3 but not for HDAC2, A p53 
cDNA probe was used as h control bi (A), and (B). Regulation of 
HDACs bypolyclonal activators and GMCSF was confirmed by ana- 
lyzing PBMCs mRNA from three healthy donors In three separate 



Increase in cell size and aberrant nuclear morphology 
(not shown) suggesting an inability of these cells to 
progress coordinately and .undisturbed through thecell 
cycle and a poor integration of size control mechanisms. 
Our results, are consistent with .the G2/M cell cycle ah* 
normalities observed when transfecting mouse HDAC1 
into Swigs 3T3 cells [29]. Of note, both in plant [31] 
and yeast [32], modification of histonesto prevent ace- 




tylatton 'results in G2M abnormalities, suggesting a 
role for HDACs in modulation of the mitotic stage. 

Identifying the transcriptional' "switches" that de- • 
fine the phenotype of activated immune cells will 
likely provide a better understanding of the molecu- 
lar mechanisms underlying immunity. Histone ace- 
tylation and deacetylation are important determi- 
nants of gene transcription and cell differentiation. 
The strong evolutionary conservation of HDACs sugr 
gests they play a fundamental role in multiple and 
complex cellular pathways of immune system regula- 
tion. fncludtng cell activation, growth and differentl- 
, ation, ancl thus represent potential molecular targets 
for the treatment of cancer and autoimmunity. De- 
tailed, studies to define the specific immune cell types 
involved in HDAC upregulation upon. activation and' 
the mechanisms responsible forHDAC-inducecJ cell 
■ cycle abnormalities are "now under way. 
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' During screening for inhibitors of T cell activation, we have found that trichostatin A (ISA), 
known as a potent inhibitor of histone deacetylase, showed selective inhibitory activity against IL-2 
■ gene expression. From lutiferase reporter experiment* on human leukernic Jurkat T cells, TSA was . 
found to inhibit the expression of the luciiereso reporter gene directed by the IL-2 enhancer and 
promoter with a 50% inhibitory concentration value of 0.073 /at. On the other hand, TSA, at the 
same concentration, enhanced the expression of. the lucif erase reporter' gene directed by the ofos 
enhancer and promoter. The result of RT-PCR experiments also indicates that TSA has selective ■ 
inhibitory activity against IL-2 gene expression in Juirkat cells. These' results suggest that the change 
in chromatin structure caused by the hyperacetylation of his tone might affect the regulation of IL-2 
and O-fos gene expression. 



Activation of T lymphocytes is a complex process 
requiring x ecogratibn of the antigen by the T cell antigen 
receptor as well as <»ncomitant cosdmulatory signals 
from antigen presenting cells. These events induce the. 
activation of second messenger pathways such as tyrosine 
kinases and protein kinase C and lead to an increase in 
intraceUular Ca a+ . These signals finally give rise to a 
sequential activation of seta of genes that in turn initiate 
proliferation, differentiation and immunological func- 
tions^. Although detailed mechanisms for these events 
arc still unclear, recent studies concerning the molecular 
actions of cyclosporin A^sA) 11 and FK506 nave pro* 
vided important new information on the biochemical 
process which regulates these events. Of special sig- 
nificance has-been the realization that these molecules , 
act as "molecular adaptors" which serve to mediate the 
, interaction between their respective intracellular drug- 
binding proteins (or "nnmunophilins") ' and their in- 
dividual target molecules. Vigorous research on the 
mode of action of CsA and FK506 has shown that the 
hetooclrmeric, <> a+ /calmoduhn-regulated 'phosphatase 
calcinsulin is a major common target of the CsA- 
cyciophuin A and PK506-FK506, binding protein 12 
(FKBP12) chrvig-irrmiuncphilin complex in vitro and that 
drug-hnmunophihn complex blocks the dephosphoryla- 
tion by calcmcnlin of the nuclear factor of activated T 
cells. (NOFATc) in cytoplasm, a step that is inquired for. 
its translocation to the nucleus. The drug-inummophilm 



complexes with cmlc^eulin and inhibition of its phos- 
phatase activity provide a molecular basis for the 
inhibitory effect of CsA or FK506 on expression of gene 
encoding IL-2 and other cytokines 3 *. Although several 
signaling inhibitors have been, reported for the effect of 
the gone expression, as of now no selective inhibitor of 
IL-2 gene expression is known other than CsA and 
FK506" (manuscript in preparation). 

Trichostatin A (TSA), whichhad been originally found 
from its antifungal activity 3 ', was shown by Yoshttm. et 
al, to induce'diSereauation of Friend leukemia cell and 
to inhibit the cell cycle of normal rat fibroblasts in the 
GI and G2 phases at low concentration***, and shown 
by Suoita et al. to induce morphological reversion of 
s^transforrned NTH3T3 cells*'. Yoshtda et at. also 
fonud.that the target molecule of TSA was histone 
deacetylase that is potently and specifically inhibited by 



Fig, .1, Structure at tciahpstHiiD A- 
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TSA 7) , Since histone proteins have an essential sup- 
porting rofe in tho transcriptional machinery for regulat- 
wig gene expression, the relationship between core histone 
. hyperacetylatkm caused by the inhibition of the histone 
deacetylaso and several gene expressions is receiving 
increasing attention 8 '. It has been reported that TSA 
. which induces hiBtone hyporacfitylation affects the gene 
expression of gelsona^, histone Hl oio \ cytokeratin A 
(endo Aj iu and early gene products (c-jun, c-fos and 
c-wk)"'. , 

We report here that TSA shows inhibitory activity 
against the H>-2 gene expression' and enhancing activity 
against the c-fos gene expression, and that TSA has 
immunosuppressive activity in a mouse experimental 
model. 

Materials and Methods 

Isolation of Triohostatin A CTSA) 

A reporter gene assay, which is lueiferase assay de- 
scribed below, has been used to screen for isolation of 
TSA- The' TSA producing organism was isolated from 
soil collected in Japan and was taxonomically classified 
as Strepiomyces sp. Gil 5. TSA was accumulated in both 
the mycelium and culture filtrate. After adjustment to 
pH 4.0 with 6n HO, the culture filtrate (30 liter) was 
applied to a column of Diaion HP-20 (51 liter) (Mitsubishi 
Chemical Industries limited). The column was washed 
with deionized water and 30% methanol (MeOH) and 
then eluted with 100% MeOH. After, concentration, the. 
eluate was extracted with normal-butyl alcohol (ft-. 
BuOH)..Th.e extract was .concentrated and the residue 
was. subjected to silica gel (Merck Art. No. 7734) column 
chromatography using the stepwise method of chloro- 
• form (C33Cli>MeOH as eluting solvents. The active 
fractions were combined and evaporated to dryness. The 
residue was rechromatographed on silica gel (Merck 
Lichroprep Si 60) : with CHa 3 -M«0H, and the active 
. fractions wetejfnrthc^purffiedwithlffLCusingapackijd 
column (YMCODS SH-365-5, 65% MepH) to yield 
" 63mgofTSA. . 

Cell Lines .and Culture 

Jurkat cells wore maintained in complete KPMI1640 
(Gibco) supplemented with 10% (v/v) fetal caff serum, 
penidllin (100 units/ml) and streptomycin' (0.1 mg/ml) in 
•a 5% C0 3 ' air atmosphere. Jurkat/pIL21uc2 f 15 and 
Jurkat/pfosliic22 #39 were periodically cycled in the 
above media with 03 mg/ml hygromydn B. 

Hasmid Constructidn and Lueiferase Assays 
• piaamid construction, transfectiou and selection of 
hygromytin-resistant Jurkat clones were described by 
Mtyaji et al, (manuscript in preparation). Jurist/ 
pIL2Iuc2 *15 ceils Were stimulated in 200 [A. fresh- 
culture media with 12~0-tetradecanoylphobol43-acetate 
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(TPA) (5ng/roi) and phytolwrnagghrtinm (PHA) 0«/ 
ml) in a tube and incubated for 6 hours at 37*C. . . 
Jnrfcat/pfosluc22 S3? cells were stimulated in 200 /ail frosh . 
culture media with TPA (5 ng/ml) and PHA (I ^g/au) in 
a tube and incubated fojr 3 hours at 37°C. TSA was 
dissolved in dimethyl sulfoxide (DMSO) at a concentra- 
tion qf lOmM and used at the indicated conwatrations. 
.After incubation, lueiferase activities were, measured 
using a himmometer (EG&G Berthold Autolumat 
LB953). 

Reverse Transcriptase-Polymerase Chain Reaction 
(RT-PCR) 

RNA samples were reverse transcribed with Super- 
script RT (Bethesda Research Laboratories, Rodsville, 
MD) and IL-2 or o-fos specific primers (STRATAGENE) 
were used to amplify selected IL-2 or a-fos with AmpIiTaq 
DNA polymerase (Cetus corpration). 

• Mixed Lymphocyte Reaction (MLR) 

Mice were obtained from -Ninon SLC. MLR were Set 
up as previously described by Webb et at 1 * 1.5 xlO 5 
Lymph node responds cells from B10.BR mice were 
cultured with 5 x 10 s mitomycin C-treated spleen 
stimulator cells from AKR mice. The culture was pulsed 
with 1 pCi per well of pHJthyroidme approximately 18 
• hours before harvesting onto fiber iilterrmats, and then 
counted using a scintillatipn counter. 

Antrprotifaration Activity 

For determination, of the antiproliferative activity of . 
TSA, Jurkat/pIL21uc2 #15 was cultured in RPMH640 
medium supplemented with 10%. fetal bovine serum at 
37°C in a humidified 5% C0 2 atmosphere. Cells were 
plated into 96-weU microtiter plate (10* cells/well) ia the 
presence of various concentratjons.ofTSA and incubated 
for 72 hours. Culture was puked with 1 \xd per weE of 
pITJthymioine 1 8 hours before harvesting onto filter- 
mats, and counted in a scintillation counter. The results 
were expressed as an IC S0 , the drug concentration 
required for 50% inhibition of cell growth. HcLa'S3 cells 
were cultured in Dulijecco's modified BaGIE's medium 
containing 10% fetal calf serum, penicillin (100 units/ml) 
and streptomycin (O.l'mg/ml). HeLa S3 cells were 
preincubated for 24 hours at 37*Cin 96-well dishes and 
then treated with different dilutions of TSA for 3 days. 
Thereafter, the concentration df TSA required for 50 % 
inhibition of cell growth was deterrnined by Ghnsa 
staining 14 '. 

Delayed-type Hypersensitivity (DTH)"> 
To induce DTH to trinitrophenyl (TJNP), 0-1 ml of 
10rnM"trmitrobenzOTC8ulfomcari^ 
7-4) was.subcutaneously injected into tw;b:'sfeparate sites 
on the dorsal flanks of the Balb/c mice, ^compound 

• dissolved in 10% DMSO was' mjected'-iiitraperitoneBl 
(Lp.j once a day through day 0 to day :4i;Ten percent 
DMSO was used as the control- Challenge was performed 
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5 days later by injecting 0.05 ml of 10 m&f TNBS solution 
(pH 7.4) into the right footpad. Twenty-four hours after 
the footpad challenge, DTH reactivity was assessed by 

• measuring the swelling of the foojtpad. The magnitude- 
, of the DTH was expressed as the increment of the 

thickness of the challenged right footpad' as compared 
with the untreated left footpad. Each group consisted of 

■ fiycmiee.-TSA was dissolved in DMSO and administered 
by i.p. injection for S consecutive days, beginning on the 

• day of sensitization. 

Results and Discussion 

In the course of screening for inhibitors of the T cell 
signal transduction pathway leading to gene ex- 
pression, wo have found that a strain of Streptomyces 
sp. GT15 produced a compound which showed a potent 
inhibitory activity against the expression of the Iuciferase 
reporter gene directed by the Th-1 enhancer and pro-' 

■ moter. The compound was isolated' from the culture' 
broth by the combination of column chromatographies, 
and identified, based on-physico-chemical properties and 
NMR analysis, as trichostatm A (TSA) previously 

. known as a potent inhibitor of histone deacetylase<(Fig. 
1). 

From the Iuciferase reporter experiments on Jurkat • 
cells, TSA inhibited the expression of the Iuciferase" 
reporter gene directed by the IL-2 enhancer and promoter 
With, the- 50% inhibitory concentration (IC J0 ) value-of 

Fig. 2, Effect of Itichpstatiii A on 1L-2 and o-fos repottM 
expression. 

IL-2 (•) and c/w (■) xcportor activities in the presence 
.of wtbua concentrations of TSA. 
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0.073 jiM. On. the other- hand, interestingly, TSA en- 
hanced the reporter gene expression directed by the o-fos 
enhancer and promoter at the same concentration as 
shown in Fig. 2. These potent contrasting activities . 
of TSA were reduced by glycosylation at the position 
of hydroxamate, trichostatin C 1S> {data not shown),, 
indicating that the hydroxamate moiety of TSA is 
essential for the effects on the reporter gene expression. 
These results are showing that contrasting activities of 
TSA on gene expression of IL-2 and ofos were ascribed 
to the inhibition of histone deacetylase.- Because the 
inhibitory activity of TSA on present gene expression 
was dependent on the hydoroxamate moiety which is 
parallel with the effect on histone deacerylaso 7 * and also ■ 
there' was no common characteristics in the promoter- , 
enhancer regions of the genes irrespective of different 
sensitivities to TSA. 

It has been reported that TSA affects the gene ex- 
pression of gelsoUn 9 ', histone Hl 010) , cytokeratin A 
(endo A) 11 * and early gene products (oyun, c-fos and 
Crmyc)™\ all of these reported gene expressions, except 
of o-jun, have been significantly enhanced by TSA. 
Therefore, it is noteworthy that TSA selectively inhibits 
. the IL-2 gene expression. 

Before the discovery that TSA is an inhibitor orhistone 
deacctylase, sodium n-butyrate was used to inhibit 
histone "deacetylase, although its inhibitory activity is 
weak 17 " 30 '. We have tried to determine whether sodium 
n-bu1yrate also shows selective inhibttory activity against 
the IL-2 gene expression and enhancement activity 
against the c-fos gene expression. Although the con- 
centration of the drug is very high <JC 5 o=1.0mM), 
sodium «-butyyatft inhibited the IL-2 reporter gene 
expression and enhanced the c-fo's .reporter gene ex- , 
pression like TSA (Fig.. ?). While the observations shown' 
here for sodium «^butyrate have not been reported, a 
rapid alteration of the p-tnyc arid o-juh geno expression 
caused, by sodium n-butylate has been reported 3 ", ' 

These results indicate that core histone hyperacetyla- 
tion caused by the inhibition of histone deacetylase may 
be involved in the alteration of IL-2 and o-fos gene 
expression. 

To confirm the selective inhibitory activity against the 
IL-2 gene expression, the effect of TSA on the endogenous 
IL-2 mRNA expression on Jurkat cells was investigated 
using a RT-PCR exptsriment As shown iri 3*^ 4, TSA 
as well is cyclosporin A (CsA) inliibitc^a^|tactiori of 
endogenous IL-2 mRNA at the concentration of 1 /tM, 
not that of p-actm- and G3£DH mRNA its controls. 
Similarly, induction of endogenous o-fos 'mRNA "was 
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?Fig, 3, Effectof sodium K-butyJate on IL-2Mid ofos reporter Tabic I. Effect of trichortatin A .on ddayed typo hyper- 

Wpic^ion. ' . sensitivity (DTH). 

IL-2 (•) and c-jfc* (■) reporter activities nx the presence • ; J„„ : 

- 'of various concentratfoni of aodlum /i-butyiato, • Conmomwl Dmefmg/kg) Mrfhtfionfft') 

_^ rmsmmh ' 100 jtj <p «.4 (4/yroxifi.) 

*] 1 I I ■"] 50 x5 ip . , 47,1 

25' xS ip .17.2- 
■ 115 x5 (p . *.V 

' iMamrKA., go p<> ' 2iS — ! 




a.*i- ft* ' "io" iio 
Concentration of sodium bulylate (mM) 



Fig. 4. Effect of trichortntin A on internal IL-2 mRNA 
cxprt«<ionfayfi.T-lPC». 

lima 1; no addition, Jane 2: +TPA (5ng/ml)'+PHA 
(lAtg/inl), Une 3:>TPA (5ng/ml)+PHA (Ifig/ml)+TSA 
(1/iM), lane 4: +TPA (5a&'wil)+PHA (Ipg/ml)+cyclo. 
«l^rin.A<l^,M: marker. 

XLrZ " ' /5-Ac«3» G3PDH 
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enhanced by TSA but not by CsA (data not shown). 
These results indicate the following. First, since the 
endogenous IL-2 nxRNA expression as well as the TL-% 
reporter expression were affected by TSA, the activities 
of TSA against the reporter expression do not appear to 
be due to, the positional effect of a stable transfonnant 
of Jurkat cells. Second, the mode of action of TSA is 
quite different from that of CsA because of its different 
effect on the o-/os gene expression. 

IL-2" production on Jurkat. cells stimulated by'PHA 
and TPA was also inhibited by TSA using enzyme linked 
inuaunosorbent assay (ELISA) (data not shown). 



In order to investigate immunosuppressive activity, 
TSA was first assessed In vitro using the mixed lym- 
phocyte reaction (MLR). As results, TSA showed in- 
hibitory activity against the MLR with an IC 5q value 
of 0.032 pa and showed antiproliferative activity against 
the Jurkat cells with an IC S0 value of 0.052 uM, while the 
IC 50 . value pf antiproliferative activity against HeLa S3, 
a nonlymphoidic cell line, was 1.1 fttn. Secondly, TSA 
was. assessed in vivo using the mouse delayed type 
hypersensitivity (DTH) experiment TSA showed 47.1% . 
inhibition by i.p. injection of SOmg/kg x 5 as shown in ' 
Table 1 , although the inhibition of TSA against DTH is • 
less effective than that of CsA (30 mg/kg x 5 p.o,: 94.5%), 
TSA has. a variety of biological activities such as 
antifungal, induction of cell diifcwatiatioa, cell cycle . 
arrest, morphoiogioal change and effect on gene ex- 
pression 3 ~ 6 ' s ~ 12> . These biological activities of TSA 
arc considered to be a result of the inhibition of histone 
deacetylase'".. However, there is little information on the 
relation between these biological activities and mbdbition 
of histohe7delceeyiase oh gene-expressiofi: - " 

The level of histo&e acetylation is mainly controlled 
by the awtyltransferase-deacetylase equffibrium"* Re- 
versible histone acetylation, which occurs at the a-amino 
group of specific internal lysine residues located at the 
concerned domains of the core histonts, is supposed to 
play an important role in the regulation of the chromatin 
structure and function specifjeialiy in DNA replication 
and trartfcripu\on za '. TSA inhibits histone deacetylase. 
resulting in the hyperacetylation of shistone 7 *. The 
hypfiracetylation of histone is generally considered to 
provoke relaxation of the chromatin structure .to make 
various transcriptional factors accessible to DNA. It 
seems that the .transient increase in the site specific or 
phase dependent histone acetylation may 'be essential for 
the oarly stage of gene expression. 

Although it is not clear why the inhffiuiQn of histone 
deacetylase causes the inhibition of IL-2 gene expression 
and activation of the ofos gene expression, it is of great 
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' . ' interest to know the mechanisms that TSA possesses for 
' ' contrasting activities against immediate'early (p-fos) and 
early gene (IL-2) expression caused by external stimuli 
on Jurkat cells. The dramatic change in chromatin 
structure by the hyperacetylatjon of histons might affect 
the PNA binding capability of various transcriptional 
factors or their regulatory molecules. This' might result 
in the difference -between the EL-2 gene expression 
induced only by specific stimuli from the T cell receptor 
and the ofos gene expression induced by non-specific 
stimuli Future experiments must address how a set of 
transcriptional factors a'ad/or their regulatory molecules 
recognize the acetylated form of the chromatin structure 
and control the IL-2 and/or c-fos gene expression to 
coordinate the complex organization of T cell signal 
tcansductiorial events. 
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